Abstract. Based on the analysis of the characteristics of LoRa and NB-IoT technology, a data transmission scheme of hybrid 10KV overhead line fault monitoring system based on LoRa and NB-IoT is proposed to solve the problems caused by GPRS in long-distance data transmission of existing overhead line fault monitoring system of medium-voltage distribution network. This paper introduces its network frame structure, designs corresponding hardware terminal equipment and software program, and finally tests and analyzes the system. The experimental results show that the scheme has the characteristics of long communication distance, low power consumption, flexible networking and high reliability, and has a wide application prospect.
Introduction
In medium-voltage distribution network, 10KV overhead lines account for the majority of non-urban areas. Their network structure is complex, branches are numerous, distant, bare conductors are mostly and operation mode is changeable. They are vulnerable to natural environmental interference, such as lightning, snow, storms and other human-induced damage, resulting in a large number of short-circuit and grounding faults. The average blackout time caused by faults in the power grid system is 2.8 hours, among which 10KV line faults account for the majority. During the blackout period, the average time to locate the fault location is 1.6 hours, which accounts for about 60% of the total fault processing time. Therefore, how to determine the fault location quickly becomes the key factor to shorten the outage time. The existing fault location solutions include intelligent switch method and intelligent fault indicator method. Among them, the intelligent switch method mainly uses the secondary test power supply method, and uses the delay sequential power supply method to detect different switch tripping states to determine the fault line branches. This method can only determine the branch of the line controlled by the switch, but cannot further determine the location. At the same time, because of the high cost of deployment of intelligent switches and the need for power outage installation, the existing rural power grid installation is less. The fault indicator method, based on the principle of non-contact measurement, can detect the short-circuit and grounding faults of the line without power failure installation. Now it is widely used in rural 10KV distribution network. The early fault indicator is a local display type. When the fault occurs, the fault status is displayed by flashing lights and flipping cards, and the data cannot be transmitted remotely. Now the intelligent fault indicator has the function of data transmission, which can remote the fault state. Data transmission mostly uses GPRS for data transmission, while in remote areas, especially in some mountainous areas, the GPRS network is unstable, which interferes with the reliability of data transmission. Meanwhile, communication network operators are phasing out GPRS network and replacing it with NB-IoT network. However, the deployment scope of NB-IoT network is limited, so it is urgent to solve the problem of data remote transmission without NB-IoT network. With the development of various new communication technologies, especially the spread spectrum communication technology of LoRa, this problem can be effectively solved through the hybrid networking of LoRa and NB-IoT networks.
Framework of Overhead Line Fault Monitoring System Based on Hybrid Network
Because of the wide coverage and long distance of 10KV overhead lines, some plain areas have a straight line distance of 30km; while in some mountainous areas, although the straight line distance is short, it is possible to cross many hills in one line, which brings some obstacles to the data transmission between points in LoRa network. At the same time, because some areas do not have NB-IoT network conditions, it is necessary to complete the data acquisition on-site access to NB-IoT network through remote data relay, so as to realize the connection between client and server. According to the above conditions, the system uses multi-level star network structure for data acquisition. The topology of the data acquisition network is shown in Fig.1 .
In multi-level star network, there are several NB-IoT root concentrator nodes, which are responsible for receiving the information of sub-terminal network data. However, because some terminal devices are far away from the NB-IoT root node, LoRa node relay can be used for remote access. Using different LoRa sub-centralized nodes, the corresponding terminal data acquisition network is established. If the sub-centralized node can directly connect with the NB-IoT root node, the collected terminal data is forwarded to the NB-IoT root node by the LoRa sub-node. If the sub-node cannot communicate directly with the root node, the relay and forwarding task of data can be accomplished by setting different LoRa relay nodes, and finally connected with the NB-IoT root node to complete data acquisition. Figure 1 . Topology structure of system data acquisition network.
After collecting data in hybrid network, data analysis and display are finally needed. Therefore, at the root node of NB-IoT, the device should not only have the function of NB-IoT communication, but also have the ability of data storage and forwarding. It can transfer data to the remote data storage and analysis cloud by using Internet network to complete the centralized storage and processing of data. At the same time, combined with the Internet network, the final results of data analysis are presented to the corresponding users. The overall framework of the system is shown in Fig.2 . 
Hardware Design of Terminal Equipment
The hardware design of 10KV overhead line fault monitoring equipment mainly includes signal acquisition unit, core data processing unit, data transmission unit and power control unit. The hardware structure of the device is shown in Fig.3 . In LoRa networks, each terminal device has a unique address identifier, using two byte identifiers, such as 0XFE34. Each LoRa subnetwork can work on the same channel with a channel number of 1 byte, such as a channel number of 0X6F. In this way, the unique identification of each terminal contains address and channel signal, so that the address information that the whole LoRa network can 47 hold is composed of three bytes. The theoretical maximum access address identification can reach 232, which is enough to meet the address number requirements of the system equipment.
System Software Design
According to the framework of the system, the software design of the system mainly includes terminal device program, LoRa sub-centralized node program and NB-IoT root centralized node program. The software flow chart of the terminal device is shown in Figure 4 (1). It mainly completes fault signal acquisition, data frame packaging, data frame transmission and confirmation. Because the equipment works in the field, it needs to work in the state of low power consumption, so the equipment is usually in the sleep state. When there is a fault, the interruption signal is generated, and the device is activated for data processing and forwarding, and the data is sent to sleep again. LoRa sub-centralized node mainly completes data frame reception and secondary group frame transmission of this sub-network. LoRa is used to forward data to the root node. Its flow chart is shown in Fig.4(2) . NB-IoT root node program is similar to the sub-node, mainly completes data receiving and forwarding, no longer redundant. 
System Test and Analysis
The experimental environment of system testing is built to verify the effect of the actual operation of the system. The test network consists of three NB-IoT root centralized nodes and three LoRa sub-networks, each of which connects six terminal devices. The test method adopts the scheme of fixed root centralized node location and mobile sub-centralized node network. The time interval of data transmission is 5 minutes and 1 frame, and the length of data frame is 100 bytes. The transmission frequency is 433MHz, the transmission power is 30dbm, and the transmission baud rate is 9600bps. The system tests the packet loss rate of 100 data frames. In the case of ultra-long distance, increase the relay. The test results are shown in the table below. From the results of Table 1 , with the increase of communication distance, the frame loss rate of data increases gradually. In the absence of relay, 3 km will result in packet loss, and the frame loss rate is more than 50% at about 6 km. By increasing the relay nodes, the frame loss rate can be effectively reduced. Therefore, the deployment distance of LoRa relay is 4-5 km.
The test results show that the system has the characteristics of long communication distance and high reliability of data transmission. It can obtain long data transmission distance with low power consumption. The problem is that the transmission rate is low. If the transmission rate is high, the frame loss will increase under the same long-distance conditions.
Summary
The 10KV overhead line fault monitoring system based on LoRa and NB-IoT technology designed in this paper can achieve reliable long-distance data transmission under low power consumption, and effectively solve the problem that the reliability of long-distance data transmission in the existing monitoring system depends on GPRS network. The system has the characteristics of flexible networking, low power consumption, long distance and high reliability. It can satisfy the requirements of transmission line monitoring and has a wide range of practical application prospects.
